Conclusions Stratification of TKA complications will allow more in-depth and detailed outcome reporting for surgeons, hospitals, third-party payers, government J. H. Lonner Rothman Institute, Thomas Jefferson University, Philadelphia, PA, USA agencies, joint replacement registries, and orthopaedic researchers. This improvement in reporting of TKA complications will also improve the quality of orthopaedic literature.
Introduction
Despite the importance of complications and adverse events in evaluating patient outcomes, definitions of complications have not been standardized in most surgical subspecialties. Recently, 22 complications and adverse events believed to be important for reporting outcomes of TKA were identified and defined ( Table 1 ) [8] . Acceptance and use of these standardized TKA complications will improve collection and evaluation of TKA complications, which should improve investigations of patient outcome after TKA.
In the general surgery literature, complications from surgical procedures are classified and stratified with the Clavien-Dindo classification [2] . The original classification system proposed by Clavien et al. [3] in 1992 includes four stages of severity, which were developed through an evaluation of 650 cholecystectomy operations. In 2004, Dindo et al. [6] proposed a modification of the Clavien system that included a five-grade classification system with the possibility of combining grades. The so-called ''Clavien-Dindo'' classification has been adapted for use in general surgery, gastroenterology/hepatology [1, 5, 8, [11] [12] [13] [14] 17] , and urology/nephrology [4, 9, 10, 16] . In orthopaedic surgery, Sink et al. [15] applied an adapted five-grade Clavien-Dindo system to hip preservation surgery ( Table 2 ).
The classification system proposed by Sink et al. shows high interobserver and intraobserver reliabilities for grading of surgical complications when applied to hip preservation surgery.
When a standardized list and definitions of complications and adverse events was published [8] , the Editorial Board of Clinical Orthopaedics and Related Research 1 suggested that stratification of the TKA complications and adverse events would be more valuable if it was stratified for severity. The purpose of this article is to stratify the previously published TKA complications using a modification of the Sink classification adapted for TKA.
Materials and Methods
A modification was done of the Sink adaptation of the Clavien-Dindo Surgical Complication Classification System to the previously published Knee Society list of complications and adverse events (Table 1) [7, 15] . The Sink Classification System was modified to present a stratification of complications, which are consistent and applicable to TKA ( Table 2 ). Grades 1, 2, and 5 of the Sink modification were adopted verbatim. Grade 3 was changed to read: ''A complication that is treatable but requires surgical, arthroscopic, or radiographic interventions, closed manipulation of the knee under anesthesia, or an unplanned hospital admission or prolonged index admission.'' Grade 4 was changed to read: ''A complication that is life threatening, requires ICU admission, or is not treatable with potential for permanent disability; a complication that requires resection arthroplasty, arthrodesis, or amputation.'' Bleeding Grade 2: bleeding that requires additional nonoperative treatment, which is a deviation from the operative or postoperative protocol Bleeding Grade 3: anemia or active bleeding that requires surgical or interventional radiology invasive intervention or unplanned admission or prolonged index admission Bleeding Grade 4: blood loss resulting in anemia, which leads to ICU admission or permanent disability 12. Extensor Mechanism Disruption: disruption of the extensor mechanism (surgical repair and/or extensor lag should be recorded)
Extensor Mechanism Disruption Grade 1: extensor mechanism disruption that does not require additional intervention or a deviation from the operative or postoperative protocol (does not rise to the level of a complication or adverse event)
Extensor Mechanism Disruption Grade 2: extensor mechanism disruption that requires additional nonoperative treatment, which is a deviation from the operative or postoperative protocol (ie, bracing, casting, a change in weightbearing status, an intraoperative change in implant constraint or design)
Extensor Mechanism Disruption Grade 3: extensor mechanism disruption that requires surgical intervention or unplanned admission or prolonged index admission.
Extensor Mechanism Disruption Grade 4: extensor mechanism disruption that requires ICU admission or results in permanent disability (if this is the result of a reoperation, see 19 [reoperation] )
Extensor Mechanism Disruption Grade 5: extensor mechanism disruption or an intervention for extensor mechanism interruption, which results in death (if this is the result of a reoperation, see 19 
Results
The modified classification system was applied to each of the 22 complications and adverse events ( Table 2 ). Based on the definition of TKA complications, all grades of the modified classification system were not relevant to each TKA complication. If a stage did not rise to the level of the definition of the TKA complication, that stage was not included (Tables 3, 4 ). If a grade was not applicable, that grade was not included (Tables 3, 4 ; Grades 1 and 2 of 19 [reoperations], 20 [revision], 21 [readmission] , and Grades 1-4 of 22 [death] ). Death for reasons other than those that can be placed within complication or adverse events 1 to 21 would be categorized as 22 (death). For example, a death resulting from myocardial infarction without subsequent reoperation would be 22 (death, Stage 5). A death resulting from pulmonary embolism would be 3 (thromboembolic disease, Stage 5). Deaths and complications which are the result of reoperations are categorized under 19 (reoperation) . Tables 3 and 4 , which apply the five grade stratification schemes for TKA complications and adverse events, are presented in an abbreviated form (Table 3) for the published paper version and in a more detailed, lengthier version (Table 4 ) for the online, digital version of publication. The proposed stratified classifications of TKA complications was reviewed and endorsed by the Knee Society.
Discussion
To enhance the use and significance of the standardized TKA complications and adverse events published by the Knee Society [7] , we have adapted a classification scheme presented by Sink et al. [15] to stratify TKA complications and adverse events. The stratification of complications will allow more detailed outcome reporting of patient outcomes for knee surgeons, hospitals, third-party payers, government agencies, joint replacement registries, and orthopaedic researchers. This improvement in reporting TKA complications will also improve the quality of orthopaedic literature.
